(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



) Date of publication A3: 
26.11.2003 Bulletin 2003/48 



(H) EP 1 31 9 836 A3 

EUROPEAN PATENT APPLICATION 

(51) Int CI 7: F04B 49/12, F04B 49/03 



(43) Date of publication A2: 

18.06.2003 Bulletin 2003/25 



(21) Application number: 02023868.9 

(22) Date of filing: 24.10.2002 



(84) 


Designated Contracting States: 




(72) Inventors: 




AT BE BG CH CY CZ DE DK EE ES Fl FR G 


BGR 


• Bailey, Brett M., c/o Caterpillar Inc. 




IE IT LI LU MCNLPTSESKTR 




Peoria, Illinois 61629-6490 (US) 




Designated Extension States: 




• Nippert, Andrew H., c/o Caterpillar Inc. 




AL LT LV MK RO SI 




Peoria, Illinois 61629-6490 (US) 


(30) 


Priority: 13.12.2001 US 23286 




(74) Representative: Wagner, Karl H., Dipl.-lng. 








Wagner & Geyer, 


(71) 


Applicant: Caterpillar Inc. 




Patentanwalte, 




Peoria Illinois 61629-6490 (US) 




Gewiirzmuhlstrasse 5 








80538 Munchen (DE) 



(54) Digital controlled fluid translating device 



(57) The displacement of fluid translating devices 
are normally controlled by changing the angle of an ec- 
centric or a cam plate to change the pumping stroke of 
the pistons within the device. In the subject arrange- 
ment, the displacement of the fluid translating device 
(12) is controlled by controlling the flow being delivered 
into or away from each of the associated pressure 
chambers (48) defined therein by the respective ones 



of a plurality of pistons (46). By not permitting the flow 
from every piston to be directed into useful work, the 
volume of fluid being directed into or away from the fluid 
translating device can be altered. Likewise, the direction 
of fluid flow within the fluid translating device can be se- 
lectively changed thus permitting the subject fluid trans- 
lating device to be capable of pumping or motoring in 
both directions of flow relative to the first and second 
inlet/outlet ports (52,54) thereof. 
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Description 

Technical Field 

[0001] The subject invention generally relates to a 
variable displacement fluid translating device and more 
particularly to a digitally controlled variable displace- 
ment fluid translating device that is capable of control- 
ling flow in both directions. 

Background 

[0002] Variabledisplacementfluidtranslating devices 
are well known in the art and may be in the form of a 
fluid pump or a fluid motor. The displacement of these 
known types have typically been controlled by changing 
the angle of a cam plate, changing an eccentric of a ro- 
tating cam or by changing the timing of the inlet and out- 
let ports therein. The displacement of many of these 
known pump/motors are capable of operation in an 
overcenter position. That is, the flow direction with in the 
pump/motor is changed by the displacement mecha- 
nism being moved both directions from a zero displace- 
ment position. It is also known to change the displace- 
ment of a pump/motor by causing the flow from selected 
ones of the internal pistons to be bypassed across a so- 
lenoid controlled poppet valve to the low pressure side 
thereof. An example of such a variable displacement 
pump/motor is set forth in US Patent 5,259,738 issued 
on 09 November 1993 to the University of Edinburgh. 
However, the pump/motor arrangement of US Patent 
5,259,738 is only capable of operation in a two quadrant 
mode. It would be beneficial to have a fluid translating 
device in which the displacement thereof could be 
changed by controlling the fluid in and out of each indi- 
vidual piston therein and also be operational in a four 
quadrant mode. 

[0003] The subject invention is directed to overcom- 
ing one or more of the problems as set forth above. 

Summary of the Invention 

[0004] In one aspect of the present invention, a fluid 
translating device is provided and comprises a housing, 
a rotating cam, a plurality of piston bores, a plurality of 
pistons, a plurality of pressure chambers and a valving 
arrangement. The housing has first and second inlet/ 
outlet ports and defines a reference axis therethrough. 
The rotating cam is disposed in the housing along the 
reference axis and has a cam surface. The plurality of 
piston bores are defined in the housing about the refer- 
ence axis and each bore of the plurality of piston bores 
has a bottom portion. The plurality of pistons are slide- 
ably disposed in the plurality of piston bores and are se- 
lectively in mating contact with the cam surface of the 
rotating cam. The plurality of pressure chambers are de- 
fined in the housing between the respective one of the 
plurality of pistons and the bottom portion of the respec- 



tive ones of the plurality of piston bores. The valving ar- 
rangement is connected between selected pressure 
chambers of the plurality of pressure chambers and the 
respective first and second inlet/outlet ports. The valving 
5 arrangement is operative to selectively control the dis- 
placement and the direction of fluid flow in each pres- 
sure chamber relative to the first and second inlet/outlet 
ports. 

[0005] In another aspect of the present invention, a 
10 method of controlling the displacement and the flow di- 
rection of fluid within a variable displacement fluid trans- 
lating device between first and second inlet/outlet ports. 
The method comprises the following steps: provide a 
housing having first and second inlet/outlet ports and a 
'5 reference axis; provide a rotating cam having a cam sur- 
face in the housing along the reference axis; form a plu- 
rality of piston bores in the housing about the reference 
axis; provide a plurality of pistons in the plurality of pis- 
ton bores that are slideably disposed in the respective 
20 piston bores and that are selectively in mating contact 
with the cam surface of the rotating cam; establish a plu- 
rality of pressure chambers between the respective one 
of the plurality of pistons and the respective ones of the 
plurality of piston bores; and provide a valving arrange- 
rs ment between selected pressure chamber of the plural- 
ity of pressure chambers and the respective first and 
second inlet/outlet ports. In the method each valving ar- 
rangement is operative to selectively control displace- 
ment and the flow direction in each pressure chamber 
30 relative to both of the first and second inlet/outlet ports. 

Brief Description of the Drawings 

[0006] 

35 

Fig. 1 is a schematic representation of a work sys- 
tem utilizing the subject invention; 
Fig. 2 is a schematic representation of anotherwork 
system utilizing the subject invention; 

to Fig. 3 is a diagrammatic representation of an em- 
bodiment of the subject invention; 
Fig. 4 is a diagrammatic representation of another 
embodiment of the subject invention; 
Fig. 5 is a diagrammatic representation of yet an- 

45 other embodiment of the subject invention; and 

Fig. 6 is a diagrammatic representation of yet an- 
other embodiment of the subject invention. 

Detailed Description 

50 

[0007] Referring to Fig. 1 , a work system 10 is illus- 
trated. The work system 10 of Fig. 1 includes a power 
source 14 drivingly connected to a variable displace- 
ment fluid translating device 12. A second fluid translat- 
55 ing device 12', in the form of a fluid motor, is drivingly 
connected to a load or work element 18 and is fluidily 
connected to the first variable displacement fluid trans- 
lating device 12 by conduits 20,21 . 
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[0008] The variable displacement fluid translating de- 
vice 12 could be a fluid pump or a fluid motor and will 
be described in more detail hereinafter. Likewise the 
variable displacement fluid translating device 12 could 
be a radial, wobble plate, axial or bent axis design. The 
work system 10 of the subject embodiment could be, for 
example, a hydrostatic drive arrangement. 
[0009] Speed and position sensors 22,22' are associ- 
ated with the variable displacement fluid translating de- 
vice 12 and are operative to detect the respective 
speeds of the variable displacement fluid translating de- 
vices 12,12' and the rotational position of its internal 
mechanism. It is recognized that the speed and position 
sensor 22,22' could be disposed within the respective 
variable displacement fluid translating device 1212'. 
The detected speeds and positions are delivered to a 
controller 24. The controller 24 is also operatively con- 
nected by respective wiring harnesses 25,25' to the var- 
iable displacement fluid translating devices 12,12'. 
[0010] A source 26 of low pressure fluid and a high 
pressure accumulator 28 are also operatively connect- 
ed by respective conduits 27,29 to the variable displace- 
ment fluid translating devices 12,12'. The source 26 of 
low pressure fluid is connected through first and second 
one way check valves 34,36 to the respective conduits 
20,21 . In the subject embodiment, the source 26 of low 
pressure fluid 26 is a pilot pump 37 that receives fluid 
from a reservoir 16. The high pressure accumulator 28 
is also connected to the first and second conduits 30,32 
through a resolver valve 38. 

[0011] Referring to the work system 10 in the embod- 
iment of Fig. 2, the power source 14 is drivingly connect- 
ed to the variable displacement fluid translating device 
1 2 which in turn is fluidily connected to the work element 
1 8 by the conduits 20,21 . The variable displacement flu- 
id translating device 12 of Fig. 2 also functioning in all 
four quadrants. The work element 1 8 of the subject em- 
bodiment is a typical fluid cylinder or it could be a well 
known fluid motor. 

[0012] The speed and position sensor 22 is connect- 
ed and functions the same as the speed and position 
sensor 22 of Fig. 1. Likewise, the controller 24 is con- 
nected to the variable displacement fluid translating de- 
vice 1 2 by the wiring harness 25. 
[001 3] In the subject embodiment of Fig. 3, the source 
26 of low pressure is a pressurized reservoir 39. The 
first and second one way check valves 34,36 of the sub- 
ject embodiment are pilot operated one way check 
valves 34' ,36' and the source of low pressure fluid 26 is 
connected through the first and second pilot operated 
one way check valves 34',36' with the conduits 20,21. 
The first pilot operated one way check valves 34' is re- 
sponsive to pressurized fluid in the conduit 20 while the 
second pilot operated one way check valve 36' is re- 
sponsive to pressurized fluid in the conduit 21 . 
[0014] The high pressure accumulator 28 is connect- 
ed with the variable displacement fluid translating de- 
vice 1 2 and connected with the first and second conduits 



20,21 through the resolver valve 38 in the same manner 
as that of Fig. 2. 

[0015] Referring to Figs. 3-6, different embodiments 
of the variable displacement fluid translating device 12 

5 are illustrated. The variable displacement fluid translat- 
ing device 12 of each embodiment includes a housing 
40, a rotating cam 42, a plurality of piston bores 44, a 
plurality of pistons 46, a plurality of pressure chambers 
48 and a valving arrangement 50. It is recognized that 

10 any number of pistons 46 and piston bores 44 could be 
utilized in the subject embodiments. The housing 40 has 
first and second inlet/outlet ports 52,54 and a reference 
axis 56 extending therethrough. 
[0016] The plurality of piston bores 44 defined in the 

'5 housing 40 each has a bottom portion 58 and is defined 
therein extending radially outward from and about the 
reference axis 56. Each of the respective piston bores 
44 is evenly spaced from one another about the refer- 
ence axis 56. The plurality of pistons 46 are slideably 

20 disposed within the plurality of piston bores 44 to define 
the plurality of pressure chambers 48 between the bot- 
tom portion 58 of each piston bore of the plurality of pis- 
ton bores 44 and one end of the associated piston of the 
plurality of pistons 46. 

25 [0017] The rotating cam 42 has a cam surface 60 dis- 
posed thereon eccentric from the reference axis 56. The 
amount of eccentricity of the cam surface 60 relative to 
the reference axis 56 determines the maximum dis- 
placement or movement of the respective pistons of the 

30 plurality of pistons 46 within their respective plurality of 
piston bores 44. The other end of the respective pistons 
46 is in selective engagement with the cam surface 60 
of the rotating cam 42. Once the cam surface 60 on the 
rotating cam 42 moves the associated one of the pistons 

35 46 into its associated piston bore 44 as far as possible, 
the one piston 46 is at a top dead center position 'TDC . 
When the piston 46 is furthest from the bottom portion 
58 of the associated piston bore 44, the piston is at its 
bottom dead center position 'BDC. 

40 [0018] In Figs. 3-5, each of the valving arrangements 
50 is disposed between the respective pressure cham- 
bers 48 and the first and second inlet/out ports 52,54. 
Each of the valving arrangements 50 is movable from a 
neutral, flow blocking position to an operative, flow pass- 
es ing position in response to respective electrically con- 
trolled actuator arrangements 62. The respective elec- 
trically controlled actuator arrangements 62 are con- 
nected to the controller 24 through the wiring harness 
25. Each of the valving arrangements 50 is operative to 

50 control the direction of fluid flow between the respective 
pressure chambers 48 and the first and second inlet/ 
outlet ports 52,54. When the valving arrangement 50 is 
at its neutral, flow blocking position, the associated pis- 
ton 46 is held at a predetermined position. The prede- 

55 termined position in the subject arrangements is at top 
dead center 'TDC. 

[0019] Each of the valving arrangements 50 of Fig. 3 
includes first and second valving assemblies 64,66. The 
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first valving assembly 64 is disposed between the re- 
spective pressure chambers 48 and the first inlet/outlet 
port 52 and the second valving assembly 66 is disposed 
between the respective pressure chambers 48 and the 
second inlet/outlet port 54. Each of the first and second 
valving assemblies 64,66 is movable from a neutral, flow 
blocking position towards an operative, flow passing po- 
sition. 

[0020] Each of the first and second valving assem- 
blies 64,66 has first and second valve seats 68,70 dis- 
posed therein with a ball check 72 disposed therebe- 
tween and operative to be selectively seated between 
or in one of the first and second valve seats 68,70. A 
biasing member 74 biasing the respective ball checks 
72 into engagement with the first valving seat 68. 
[0021] Each of the electrically controlled actuator ar- 
rangements 62 of the subject embodiment includes first 
and second electrically controlled actuators 76,78. Each 
of the electrically controlled actuators 76,78 are con- 
nected through the wiring harness 25 to the controller 
24 and operative to move the respective ball checks 72 
between the first and second valve seats 68,70. 
[0022] The respective pressure chambers 48 are 
each connected to the high pressure accumulator 28 
through respective relief valves 80 and the conduit 29. 
It is recognized that the relief valves 80 serve only to 
vent minimal amounts of fluid at a very low differential 
pressure since the conduit 29 is connected to the high 
pressure accumulator 28. The respective pressure 
chambers 48 are also connected to the source of low 
pressure fluid through respective orifices 82 and one 
way check valves 84. 

[0023] Referring to the embodiment of Fig. 4, like el- 
ements have like element numbers. Each of the first and 
second valving assemblies 64,66 of the valving arrange- 
ment 50 in Fig. 4 includes a single valve seat 86 and a 
pilot operated poppet valve 88. Each of the pilot oper- 
ated poppet valves 88 is urged into seating engagement 
with the single valve seat 86 in response to actuation of 
respective pilot valves 90. The respective pilot valves 
90 are disposed between the associated pilot operated 
poppet valves 88 and the associated electrically control- 
led actuators 76,78 and each is operative in response 
to the associated electrically controlled actuators 76,78 
to hold the pilot operated poppet valve 88 in the neutral, 
flow blocking position or to permit it to open to the op- 
erative, flow passing position. The respective pilot 
valves 90 of each of the first and second valving assem- 
blies 64,66 are connected between the associated pres- 
sure chamber 48 and the associated one of the first and 
second inlet/outlet ports 52,54. Movement of the re- 
spective pilot valves 90 function to control the pressure 
of fluid in a pilot control chamber 92 behind the respec- 
tive pilot operated poppet valves 88. A light weight 
spring 94 is disposed in the pilot control chamber 92 and 
functions to urge the pilot operated poppet valve 88 to 
the neutral, flow blocking position. It is recognized that 
the pilot valves 90 could be removed and the respective 
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first and second electrically controlled actuators 76,78 
could be connected directly to the associated pilot op- 
erated poppet valves 88. 

[0024] Referring to the embodiment of Fig. 5, like el- 
s ements have like element numbers. The valving ar- 
rangement 50 of Fig. 5 has a single valving element 94 
and a single electrically controlled actuator 96 associat- 
ed therewith through a single pilot valve 98. It is recog- 
nized that the single electrically controlled actuator 96 
io could be connected directly to the single valving ele- 
ment. The single valving element 94 is disposed be- 
tween the respective pressure chambers 48 and the first 
and second inlet/outlet ports 52,54 and is movable be- 
tween a neutral, flow blocking position and first and see- 
's ond operative positions. At the neutral position, all flow 
to and from the respective pressure chambers 48 is 
blocked. In the first operative position, the first inlet/out 
port 52 is in communication with the associated pres- 
sure chamber 48 and the second inlet/outlet port 54 is 
20 blocked therefrom. In the second operative position, the 
second inlet/out port 54 is in communication with the as- 
sociated pressure chamber 48 and the first inlet/outlet 
port 52 is blocked therefrom. 

[0025] The single pilot valve 98 is disposed between 
25 the single valving element 94 and the single electrically 
controlled actuator 96 and operative to control the fluid 
within a single pilot control chamber 1 00. The single pilot 
valve 98 controls communication of fluid between the 
source of low pressure fluid 26, the single pilot control 
30 chamber 1 00 and the reservoir 1 6. 

[0026] Referring to the embodiment of Fig. 6, like ele- 
ments have like element numbers, The plurality of pis- 
tons 46 and associated plurality of piston bores 44 of 
Fig. 6 includes a plurality of diametrically opposed pis- 
35 tons 46 and associated bores 44 arranged along the ref- 
erence axis 56. Fig. 6 shows only the cross section of 
one of the plurality. The cam surface 60 of the rotating 
cam 42 is in contact with both of the pistons 44. It is 
recognized that the rotating cam 42 does have a plurality 
40 of cam surfaces thereon spaced from one another along 
the reference axis 56 and that the other plurality of op- 
posed piston 44 are also associated with the respective 
ones of the plurality of cam surfaces. The eccentric of 
each of the cam surfaces 60 is oriented at different po- 
45 sitions on the rotating cam 42 about the reference axis 
56. It is recognized that an equivalent configuration 
could have two adjacent cam surfaces oriented 1 80 de- 
grees apart around the cam with the pistons positioned 
adjacent each other and in operative engagement with 
so the respective cam surfaces. This type of fluid translat- 
ing device 1 2 is more typically used as a low speed, high 
torque motor but it is not limited to use only as a fluid 
motor. 

[0027] In the subject embodiment, the respective 
55 pressure chambers 48 are connected to the high pres- 
sure accumulator through the respective relief valves 
80. The relief valves 80 function to control any over pres- 
sure conditions in the respective pressure chambers 48 
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and to bypass pressurized fluid during a portion of the 
operation thereof. 

[0028] The valving arrangement 50 includes a single 
valving assembly 1 02 connected to each of the plurality 
of pistons and associated piston bores that are extend- 
ed along the reference axis and the electrically control- 
led actuator arrangement 62 includes the single electri- 
cally controlled actuator 96. 

[0029] The single valving assembly 102 is disposed 
in the housing 40 between respective ones of the two 
pressure chambers 48 and the first and second inlet/ 
outlet ports 52,54. Each of the single valving assembly 
102 includes a valving element 104 slideably disposed 
in a spool bore 106 and is movable in response to the 
respective single electrically controlled actuator 96 be- 
tween a neutral, flow blocking position and first and sec- 
ond operative positions. At the neutral, flow blocking po- 
sition, the two pressure chambers 48 are blocked from 
the first and second inlet/outlet ports 52,54. At the first 
operative position, one of the two pressure chambers 
48 is in communication with the first inlet/outlet port 52 
and the other one of the two pressure chambers 48 is 
in communication with the second inlet/outlet port 54. At 
the second operative position, the one pressure cham- 
ber of the two pressure chambers 48 is in communica- 
tion with the second inlet/outlet port 54 and the other 
pressure chamber thereof is in communication with the 
first inlet/outlet port 52. 

[0030] Figs 1-6 set forth a method of controlling the 
displacement and the flow direction of fluid within a var- 
iable displacement fluid translating device. Various ones 
of the following steps are utilized in accomplishing this 
method. For example, some of the steps include provid- 
ing a housing 40 having first and second inlet/outlet 
ports 52,54 with a reference axis 56 extending there- 
though; providing a rotating cam 42 having a cam sur- 
face 60 in the housing 40 along the reference axis 56; 
forming a plurality of piston bores 48 in the housing 40; 
providing a plurality of pistons 46 in the plurality of piston 
bores 48 that are slideably disposed therein and that are 
selectively in mating contact with the cam surface 60 of 
the rotating cam 42; establishing a plurality of pressure 
chambers 48 between the plurality of pistons 46 and the 
respective ones of the plurality of ppressure chambers 
48; and providing a valving arrangement 50 between se- 
lected pressure chambers 48 and the respective ones 
of the first and second inlet/outlet ports 52,54. Each of 
the valving arrangements 50 being operative to selec- 
tively control the displacement and the flow direction in 
each pressure chamber relative to the first and second 
inlet/outlet ports 52,54. Other steps include moving the 
respective pistons 46 a predetermined distance within 
the associated piston bore 44 and controlling the direc- 
tion of flow into and out of the respective pressure cham- 
bers 48 for only a portion of the predetermined distance. 
Another step includes providing two valving assemblies, 
one of the valving assemblies being disposed between 
the respective pressurechamberandthefirst inlet/outlet 



port and the other one of the valving assemblies being 
disposed between the respective pressure chamber 
and the second inlet/outlet port Yet another step in- 
cludes providing a controller 44 operativeiy connected 

5 to the variable displacement fluid translating device 12 
and a speed and position sensor 22 associated with the 
variable displacement fluid translating device 12 that is 
operative to sense the speed and rotational position of 
the variable displacement fluid translating device 1 2 and 

10 directasignal representativethereoftothecontroller24. 
[0031] It is recognized that various other embodi- 
ments of the variable displacement fluid translating de- 
vice 12 and combinations of the work system 10 could 
be utilized without departing from the essence of the 

is present invention. 

Industrial Applicability 

[0032] In the operation of the work system 1 0 of Fig. 

20 1 , the variable displacement fluid translating device 12 
(pump) and the second variable displacement fluid 
translating device 12' (motor) each operate in the four 
quadrant mode. Consequently, each of the first and sec- 
ond inlet/outlet ports 52,54 serve as high and low pres- 

25 sure ports depending on the operating parameters of the 
work system 1 0. It is recognized that the second variable 
displacement fluid translating device 1 2' would not have 
to be a variable displacement motor. The work system 
10 of Fig. 2 is a typical hydrostatic system in which the 

30 fluid pump 1 2 and the fluid motor 1 2' are fluidily connect- 
ed together. The pilot pump 37 provides low pressure 
fluid through the first and second one way check valves 
34,36 to both the conduits 20,21 and the fluid pump 12 
and fluid motor 12'. The high pressure accumulator 28 

35 is maintained at the highest system pressure level by its 
connection through the resolver valve 38 to the respec- 
tive conduits 20,21 and is also connected to the fluid 
pump 12 and fluid motor 12' in order to receive any fluid 
resulting from an overpressure condition within the 

40 pump 1 2 or motor 1 2' and also functions to reduce fluid 
pressure ripples and/or fluid borne noise. 
[0033] The speed and position sensors 22,22' func- 
tions to continually sense and deliver a signal to the con- 
troller 24 representative of the speed of the fluid pump 

45 12 and the fluid motor 12'. Likewise, it also functions to 
continually monitor and deliver a signal to the controller 
24 representative of the position of the rotating cam 42 
within the fluid pump 1 2 and the fluid motor 12'. The con- 
troller24 functions to control the displacement of theflu- 

50 id pump 12 and fluid motor 12' relative to the operating 
parameters of the total work system 1 0. 
[0034] In the work system 10 of Fig. 2, the variable 
displacement fluid translating device or pump 12 oper- 
ates in the four quadrant mode like that of Fig. 1 . How- 

55 ever, the work element 1 8 of Fig. 3 is a typical fluid ac- 
tuator 18. The pressurized fluid reservoir 39 serves as 
the source of low pressure fluid 26 and is connected to 
the conduits 20,21 through the respective pilot operated 
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one way check valves 34' ,36'. When the pressure in the 
conduit 20 is at a higher pressure level than that in con- 
duit 21, the pilot operated one way check valve 36' is 
forced to open in response to the higher pressure in con- 
duit 20 and the pressure in the conduit 21 is maintained 
at least at the level of the pressure in the pressurized 
reservoir 39. When the pressure in the conduit 21 is 
higher than that in the conduit 20 the opposite occurs. 
The pressurized fluid in the pressurized reservoir 39 is 
also connected to the fluid pump 12 to provide the 
source of low pressure flu id 26 that will be explained be- 
low. All other operating aspects of the work system 10 
of Fig. 2 is the same as that of fig. 1 . 
[0035] Referring to the variable displacement fluid 
translating device 1 2 of Fig. 3, hereinafter referred to as 
a fluid pump 12, the operation thereof is described with 
it being used as a fluid pump 12. However, it is recog- 
nized that it is also applicable as a fluid motor. As the 
rotating cam 42 of the fluid pump 12 rotates, the plurality 
of pistons 40 are forced to reciprocate within the plurality 
of piston bores 44 due to the fact that they are in mating 
contact with the cam surface 60 of the rotating cam 42. 
As the rotating cam 42 rotates with respect to the plu- 
rality of pistons 46 from the bottom dead center position 
BDC towards the top dead center position TDC, the fluid 
in the respective ones of the plurality of pressure cham- 
bers 48 is forced out towards the first inlet/outlet port 52. 
In order for the fluid within the respective pressure 
chambers 48 to get to the first inlet/outlet port 52, the 
fluid must pass through the first valve seat 68 pass by 
the ball check 72 to the first inlet/outlet port 52 or pres- 
sure side of the fluid pump 12 leading to the work ele- 
ment 18. Simultaneously, fluid must be received from 
the second inlet/outlet port 54 or low pressure side and 
delivered to the pressure chambers 48 from which the 
associated pistons 46 are moving from the top dead 
center TDC position towards the bottom dead center po- 
sition BDC. In order for fluid from the low pressure side 
to get to the pressure chambers 48 that are being filled, 
the ball check 72 seated on the second valve seat 70 
must be moved. This is accomplished by the controller 
24 directing a signal to the second electrically controlled 
actuator 78 which then forces the ball check 72 thereof 
to the operative, flow passing position. In this pumping 
mode, the ball check 72 is moved to a position between 
the first and second valve seats 68,70. As long as the 
pumping mode remains active pressurized fluid at full 
displacement is pumped through the first inlet/outlet port 
52 to the work element 1 8. 

[0036] When the fluid pump 12 is operating in a work 
system requiring the four quadrant mode and the fluid 
direction is reversed, the opposite occurs. That is, the 
first valving assembly 64 is actuated and the second 
valving assembly 66 remains in its unactuated position 
with the ball check 72 seated against the first valve seat 
68. 

[0037] In order for the fluid pump 12, to operate in the 
motoring mode, both of the first and second electrically 



controlled actuators 76,78 need to be energized at the 
same time during the intake stroke to move the ball 
checks 72 of the first and second valving assemblies 
64,66 against their respective second valve seats 66. 
5 During the exhaust stroke, both of the first and second 
electrically controlled actuators 76,78 are de-energized 
to permit both of the ball checks 72 to return to the re- 
spective first valve seats 64. 

[0038] In the event of over pressurization within either 

10 of the pressure chambers 48, the associated relief valve 
80 opens to vent fluid therefrom to the high pressure 
accumulator 28 thus removing the over pressure condi- 
tion. During initial startup of the subject fluid pump 12, 
it may be necessary to introduce pressurized fluid into 

'5 the respective pressure chambers 48. The orifice 82 and 
one way check 84 function to permit a small amount of 
low pressure fluid to be introduced into the respective 
pressure chambers 48 during startup. After startup, the 
oneway check 84 blocks reverse flow from the pressure 

20 chambers 48 to the source of low pressure fluid 26. 
[0039] In order to vary the displacement of the fluid 
pump 12, any one or more of the plurality of pistons 46 
are selectively stopped thus removing its effective vol- 
ume of fluid from the total volume. This is accomplished 

25 by continuously holding the ball check 72 of the second 
valving assembly 66 in a position between the first and 
second valve seats 68,70 while leaving the ball check 
72 of the first valving assembly 64 seated against the 
first valve seat 68. This permits the selected piston or 

30 pistons 46 to continue to reciprocate in and out. How- 
ever, during the pumping stroke the fluid being expelled 
is being directed back to the second inlet/outlet port 54 
through the second, open valving assembly 66. If the 
flow direction through the fluid pump 1 2 is reversed, the 

35 ball check 72 of the first valving assembly 66 is posi- 
tioned between the first and second valve seats 68,70 
while the ball check 72 of the second valving assembly 
66 remains against the first valve seat 68 thereof. 
[0040] The displacement of the fluid pump 1 2 can also 

40 be varied by controlling the volume that each piston 46 
can produce. This is accomplished by permitting the se- 
lected one or ones of the pistons 46 to effectively pump 
a portion of their total volume and bypass the remaining 
portion. Likewise, it is possible to pump a first portion of 

45 the volume, bypass an intermediate portion and pump 
the remaining portion of the total volume of fluid. This is 
accomplished by the controller 24 selectively controlling 
actuation of the second valving assembly 66 between it 
neutral and operative positions. 

so [0041] In order to totally stop the flow of fluid into and 
out of the selected piston or piston 46 in either direction 
of fluid flow, both of the first and second electrically con- 
trolled actuators 76,78 are de-energized just prior to the 
respective selected piston or pistons 46 reaching their 

55 top dead center TDC positions. Consequently, the re- 
spective selected piston or pistons 46 are hydraulically 
locked or stopped at the top dead center position TDC 
and do not reciprocate in and out until it is desired to 
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recombine their flows into the total flow output. When it 
is desired to activate the deactivated selected piston or 
pistons 46, the second electrically controlled actuator 78 
is energized near top dead center TDC, assuming that 
the flow direction is towards the first inlet/outlet port 52, 
to move the ball check 72 of the second valve assembly 
66 towards the second valve seat 70. 
[0042] In the operation of the variable displacement 
fluid translating device 12 of Fig. 4, all aspects with re- 
spect to the operation of Fig. 3 is the same except the 
first and second valving assemblies 64,66 are different. 
When the pressurized fluid flow is in the direction of the 
first inlet/outlet port 52, the second valving assembly 66 
that is associated with each of the pistons that are forc- 
ing fluid out of the respective pressure chambers 48 is 
actuated and the first valving assembly 64 of each re- 
main unactuated. Consequently, the pressurized fluid in 
the associated pressure chambers 48 act on the pilot 
operated poppet valve 88 urging it towards the opera- 
tive, flow passing position to direct the pressurized fluid 
to the inlet/outlet port 52. The pilot valve 90 of the first 
valving assembly 64 acts to block the pressure in the 
respective pressure chamber 48 from the pilot control 
chamber 92 and permit the pressure at the inlet/outlet 
port 52 to be communicated with the pilot control cham- 
ber 92. The pressure in the pressure chamber 48 acting 
on the pilot operated poppet valve 88 is sufficient to 
move the pilot operated poppet valve 88 towards its 
open position. 

[0043] At the same time, the pilot valve 90 of the sec- 
ond valving assembly 66 is actuated to move it to a po- 
sition to communicate the pressure in the pressure 
chamber 48 to the pilot control chamber 92 of the sec- 
ond valving assembly 66 and blocks the communication 
of the pressure at the second inlet/outlet port 54 with the 
pilot control chamber 92 thereof. Consequently, the 
higher pressure being subjected to the pilot control 
chamber 92 of the second valving assembly 66 main- 
tains the pilot operated poppet valve 88 of the second 
valving assembly 66 in its neutral, flow blocking position. 
[0044] Once all of thefluid has been expelled from the 
respective pressure chambers 48 and the associated 
pistons 46 begin to retract, the pressure within the pres- 
sure chambers 48 thereof is quickly reduced. Since the 
pressure of the fluid at the first inlet/outlet port 52 is com- 
municated with the pilot control chamber 92 of the first 
valving assembly 64, the pilot operated poppet valve 88 
thereof is held firmly against its valve seat 86. Since the 
pressure of the fluid in the pilot control chamber 92 of 
the second valving assembly 66 is also in communica- 
tion with the lowered pressure in the pressure chambers 
48, the pressure of the fluid at the second inlet/outlet 
port 54 is sufficient to open the pilot operated poppet 
valve 88 of the second valving assembly 66 to fill the 
pressure chambers 48 as they retract. If fluid flow is in 
the opposite direction, the opposite operation would oc- 
cur. 

[0045] In the motoring mode of operation, both of the 



12 

first and second valving assemblies 64,66 are actuated 
during the intake stroke, i. e. when receiving high pres- 
sure. During the exhaust stroke, both are returned to 
their unactuated positions. Typically, to aid in timing, just 

5 before BDC the electrically controlled actuator 76/78 of 
the associated valving assembly 64/66 on the high pres- 
sure side of the pump 12 is de-energized and the elec- 
trically controlled actuator 76/78 of the associated valv- 
ing assembly 64/66 on the low pressure side of the 

10 pump 12 is de-energized at BDC. Likewise, just before 
TDC the valving assembly 64/66 of the low pressure 
side is actuated and the valving assembly 64/66 on the 
high pressure side is actuated at TDC. Thereafter, the 
whole cycle repeats. 

15 [0046] Intheeventof an over pressure condition with- 
in the respective pressure chambers 48, the respective 
pilot control chambers 92 of the first and second valving 
assemblies 64,66 are connected to the relief valve 80. 
Consequently, any over pressure condition can be re- 

20 leased across the associated one of the pilot operated 
poppet valves 88 of the first and second valve assem- 
blies 64,66 to one of the first and second inlet/outlet 
ports 52,54. 

[0047] In order to vary the displacement of the fluid 
25 pump 12 with the direction of fluid flow being towards 
the first inlet/outlet port 52, the second valving assembly 
66 of a selected one or ones of the pistons 46 that are 
expelling fluid remains unactuated along with the first 
valving assembly being unactuated. Consequently, the 
30 fluid being pressurized in the associated pressure 
chamber 48 acts on the pilot operated poppet valve 88 
of the second valving assembly 66 and urges it towards 
its open position thus directing the fluid to the second, 
low pressure inlet/outlet port 54. Once the associated 
35 piston 46 reaches the TDC position, the second valving 
assembly 66 is actuated and the pressure chamber 48 
fills with fluid as the piston 46 retracted from the piston 
bore 44. 

[0048] The displacement of the flu id pump 12 can also 
40 be varied by permitting a selected one or ones of the 
pistons 46 to pump only a portion of their total volume 
and bypass the remaining portion to the low pressure 
side. This is accomplished by the controller 24 selec- 
tively controlling the actuation of the second valving el- 
45 ement 66. Since the velocity of the respective pistons 
46 are their highest at a position between the bottom 
dead center position BDC and the top dead center po- 
sitions TDC, it may be advantageous to use only the first 
and/or last portions of the total volumes and bypass the 
so mid portion thereof. 

[0049] In order to reduce the total required energy in 
the work system 1 0, the fluid flow that is not being used 
for useful work can be eliminated. By leaving the second 
valving assembly 66 unactuated when the piston 46 
55 reaches the TDC position, the piston 46 is hydraulically 
locked at the TDC position. When it is desired to once 
again increase the pumps displacement, the second 
valving assembly 66 is actuated at the TDC position so 
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that the pressure chamber 48 can refill and the piston 
46 again contacts the cam surface 60 and retracts as 
the rotating cam turns. Naturally, if the flow direction is 
in the direction of the second inlet/outlet port 54, the op- 
eration would be just the opposite. 
[0050] In the operation of the embodiment of Fig. 5, 
all aspects with respect to the operation of Fig. 4 is the 
same except the valving arrangement 50 of Fig. 6 only 
has a single valving element 94 connected between the 
respective pressure chambers 48 and the first and sec- 
ond inlet/outlet ports 52,54 and the respective pressure 
chambers 48 are connected through respective relief 
valves 80 to the high pressure accumulator 28 to control 
overpressure conditions. 

[0051 ] When the flow of fluid is towards the first inlet/ 
outlet port 52, the single valving element 94 is moved 
from its neutral, flow blocking position towards its first 
operative position to direct pressurized fluid from the 
pressure chamber 48 of the pistons 46 that are expelling 
fluid to the first inlet/outlet port 52. At the same time, the 
single valving element 94 of the pressure chambers 48 
that are being filled due to the pistons 46 retracting is 
moved from its flow blocking position to its second op- 
erative position to connect the associated pressure 
chambers 48 to the second inlet/outlet port 54. When 
the pistons 46 that are pumping pressurized fluid reach- 
es their respective TDC positions, the single valving el- 
ement 94 associated therewith moves from the first op- 
erative position towards the second operative position. 
Likewise, when the pistons 46 that are retracting reach- 
es their respective BDC positions, the single valving el- 
ement 94 associated therewith moves from their second 
operative position towards their first operative positions. 
If the flow direction is changed towards the second inlet/ 
outlet port 54, the reverse operation occurs. 
[0052] When it is desired to reduce the displacement 
from the pump 1 2 with the flow in the direction of the first 
inlet/outlet port 52, a selected one or ones of the single 
valving elements 94 is moved from its neutral, flow 
blocking position towards its second operative position 
to connect the associated pressure chamber 48 to the 
second inlet/outlet port 54 that is functioning as the low 
pressure port. The single valve element 94 of the select- 
ed one or ones of the pistons that are not being used to 
provide useful flow remains in the second operative po- 
sition until the flow therefrom is again needed to do use- 
ful work. 

[0053] As set forth with respect to Figs. 3 and 4, it is 
also possible to vary the volume of fluid delivered from 
the embodiment of Fig. 6 by using only a portion of the 
total volume being pumped from the respective pres- 
sure chambers 48. The controller 24 controls the oper- 
ation of the respective single valving members 94 to di- 
rect portions of the pumped fluid to the high pressure 
side and to bypass other portions thereof to the low pres- 
sure side. 

[0054] In order to eliminate the wasted energy in the 
system due to the pumping of flow that is not being used 



to do useful work, the piston 46 that is being bypassed 
is stopped at TDC and not permitted to move. This is 
accomplished by maintaining the single valving element 
94 of the selected one or ones of the pistons 46 being 

5 bypassed in its neutral, flow blocking position. With the 
single valving element 94 in its neutral position, the as- 
sociated piston is hydraulically locked at that position. 
Consequently, the cam surface 60 separates from the 
piston 46. Once the flow from the stopped piston is 

'0 needed, the single valving element 94 is moved to its 
first operative position as set forth above. 
[0055] Referring to Fig. 6, as the rotating cam 42 ro- 
tates in the motoring mode, the one piston 46 is moved 
from the top dead center position TDC towards the bot- 

'5 torn dead center position BDC while the other one of the 
pistons 46 simultaneously moves from the bottom dead 
center position BDC towards the top dead center posi- 
tion TDC. As the rotating cam 42 rotates, the valving 
element 1 04 of the single valve assembly 1 02 is moved 

20 between its first and second operative positions. When 
the direction of flow is from the first inlet/outlet port 52 
towards the second inlet/outlet port 54, the valving ele- 
ment 104 is moved towards the first operative position 
so that the fluid within the pressure chamber 48 of the 

25 one piston 46 is connected to the first inlet/outlet port 52 
while fluid from the second inlet/outlet port 54 is con- 
nected to the pressure chamber 48 of the other piston 
46 to exhaust the pressure chamber 48 therein. It is rec- 
ognized that simultaneously the other ones of the plu- 

30 rality of pistons 46 and associated piston bores 44 are 
functioning in the same manner. In order to change the 
flow direction, the respective valving elements 104 are 
moved to their second operative position and thus the 
operation is reversed. 

35 [0056] When the variable displacement fluid translat- 
ing device 12 of Fig. 6 is operated as a fluid pump and 
the first inlet/outlet port 52 is the low pressure port, the 
valving element 104 is moved to its second operative 
position so that pressurized fluid is directed to the pres- 
to sure chamber 48 of the other piston 46 and simultane- 
ously, the fluid within the pressure chamber 48 of the 
one piston 46 is expelled to the high pressure, second 
inlet/outlet port 52. In order to reverse the flow direction 
in the fluid pump 12, the valving element 104 is moved 

45 to its first operative position and the operation is re- 
versed. 

[0057] In orderto vary the displacement of the subject 
fluid motor/pump, one of the single valve assemblies 
1 02 is moved to its neutral, flow blocking position. Since 

so the flow from the respective two pistons is blocking from 
either of the first and second inlet/outlet ports 52,54 
there is no flow being used from the associated one of 
the plurality of pistons 46 and associated piston bores 
44, The remaining ones of the plurality is still operating 

55 in the normal manner. Whenever the selected one or 
ones of the single valving assembly 1 02 is moved to its 
neutral flow blocking position , at least one or both of the 
two pistons 46 will be at some position other than top 
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dead center TDC. Since the single valve assembly is 
blocking the exiting or entry of fluid with respect to the 
associated pressure chambers 48, the fluid is potentially 
trapped therein. However, as the rotating cam 42 con- 
tinues to rotate, the one piston 46 that is moving towards s 
bottom dead center BDC stops and momentarily sepa- 
rates from the rotating cam 42. The other piston 46 con- 
tinues to move towards top dead center TDC. The fluid 
in the associated pressure chamber 48 is force out 
across the relief valve 80. Once the piston 46 reaches 10 2. 
the top dead center position TDC, the piston separates 
from the cam surface 60 and remains at the top dead 
center position TDC. If the other piston 46 was not at 
the top dead center position TDC when the single valve 
assembly 102 was moved to the neutral position, the 15 
cam surface 60 of the rotating cam 42 will again contact 
the one piston 46 and move it to the top dead center 
position TDC. The fluid therein is also forced across the 
relief valve 80. When it is desired to re-add the flow from 
the one of the plurality of pistons 46 and associated pis- 20 
ton bores 44, the single valve assembly thereof is 
moved back to an operative position. 

[0058] In view of the foregoing, it is readily apparent 3. 
that the subject fluid translating device 12 provides a 
fluid pump or a fluid motor that is capable of varying the 25 
flow within the fluid translating device 12 and also be 
operable in all four quadrants of operation. Likewise, the 
flow may be varied by either bypassing all or part of the 
flow to or from either one or more of the individual pump- 
ing or motoring chambers. so 
[0059] Other aspects, objects and advantages of the 
invention can be obtained from a study of the drawings, 
the disclosure and the appended claims. 4. 



Claims 

1. A variable displacement fluid translating device 
(12), comprising: 

a housing (40) having first and second inlet/out- 
let ports (42,54) and defining a reference axis 
(56) therethrough 

a rotating cam (42) disposed in the housing 
along the reference axis and having a cam sur- 
face (60); 

a plurality of piston bores (44) defined in the 
housing about the reference axis and each 
chamber of the plurality of piston bores having 
a bottom portion (58); 

a plurality of pistons (44) slideably disposed in 
the plurality of piston bores and selectively in 
mating contact with the cam surface of the ro- 
tating cam; 

a plurality of pressure chambers (48) defined in 
the housing between the respective one of the 
plurality of pistons and the bottom portion of the 
respective ones of the plurality of piston bores; 



45 
SO 

6. 



and 

a valving arrangement (50) connected between 
selected pressure chambers of the plurality of 
pressure chambers and the respective first and 
second inlet/outlet ports and being operative to 
selectively control displacement and the direc- 
tion of fluid flow in each pressure chamber rel- 
ative to the first and second inlet/outlet ports. 

The variable displacement fluid translating device 
of claim 1 including an electrically controlled actua- 
tor arrangement (62) operatively connected to each 
of the respective valving arrangements, wherein the 
valving arrangement includes a single valving ele- 
ment (94/1 04) movable between first and second 
operative positions to connect the associated one 
of the plurality of pressure chambers with the first 
and second inlet/outlet ports and the electrically 
controlled actuator arrangement includes a single 
electrically controlled actuator (96) connected to the 
single valving element. 

The variable displacement fluid translating device 
of claim 2 wherein at the first operative position of 
the single valving element, the one pressure cham- 
ber is connected to the first inlet/outlet port and 
blocked from the second inlet/outlet port and at the 
second operative position of the single valving ele- 
ment, the one pressure chamber is connected to the 
second inlet/outlet port and blocked from the first 
inlet/outlet port. 

The variable displacement fluid translating device 
of claim 3 wherein a second one of the plurality of 
pistons having another pressure chamber associat- 
ed therewith is disposed diametrically opposite to 
the one piston and the valving element (1 04) is dis- 
posed between the one and another pressure 
chambers and the first and second inlet/outlet ports. 

The variable displacement fluid translating device 
of claim 3 wherein the plurality of pistons and pres- 
sure chambers are evenly spaced from one another 
about the reference axis and each of the single valv- 
ing elements (94) have a pilot valve (90) disposed 
between the single valving element and the associ- 
ated single electrically controlled actuator (96) and 
is operative in response to the single electrically 
controlled actuator to move the single valving ele- 
ment between its operative positions. 

The variable displacement fluid translating device 
of claim 1 including an electrically controlled actua- 
tor arrangement (62) operatively connected to each 
of the respective valving arrangements, wherein 
each of the valving arrangements includes first and 
second valving assemblies (64,66) and the electri- 
cally controlled actuator arrangement includes as- 
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sociated first and second electrically controlled ac- 
tuators (76,78), the first valving assembly is dis- 
posed between the associated pressure chamber 
and the first inlet/outlet port and the second valving 
assembly is disposed between the associated pres- s 
sure chamber and the second inlet/outlet port, and 
each of the first and second valving assemblies are 
movable in response to actuation of the respective 
electrically controlled actuators between flow block- 
ing and flow passing positions. io 

7. The variable displacement fluid translating device 
of claim 6 wherein each of the first and second valv- 
ing assemblies includes a poppet valve (72/88) con- 
nected to the associated electrically controlled ac- is 
tuator, and wherein each of the valving assemblies 
have first and second valve seats (68,70) and the 
poppet valve is a ball check (72) movable between 

the first and second valve seats and operative to 
block fluid flow in either direction and to permit fluid 20 
flow therethrough. 

8. The variable displacement fluid translating device 
of claim 2 wherein the variable displacement fluid 
translating device is a fluid pump and is used in 25 
combination with a work system (10) having a pow- 
er source (14) drivingly connected tothefluidpump, 

a fluid actuator (18) fluidily connected to the fluid 
pump, a source of low pressure fluid (26) connected 
to the fluid pump and the first and second inlet/outlet so 
ports, a high pressure accumulator (28) connected 
to one of the first and second inlet/outlet ports of the 
fluid pump, and a controller (24) connected to re- 
spective electrically controlled actuators associated 
with the fluid pump. 35 

9. A method of controlling the displacement and the 
flow direction of fluid within a variable displacement 
fluid translating device (12) between first and sec- 
ond inlet/outlet ports (52,54) thereof, comprising the 40 
steps: 

providing a housing (40) having first and sec- 
ond inlet/outlet ports (52,54) and a reference 
axis (56); 45 
providing a rotating cam (42) having a cam sur- 
face (60) in the housing along the reference ax- 
is; 

forming a plurality of pressure chambers (48) 
in the housing about the reference axis; so 
providing a plurality of pistons (46) in the plu- 
rality of piston bores (44) that are slideably dis- 
posed in the respective piston bores and that 
are selectively in mating contact with the cam 
surface of the rotating cam; 55 
establishing a plurality of pressure chambers 
(48) between the respective one of the plurality 
of pistons and the respective ones of the plu- 



rality of piston bores; and 
providing a valving arrangement (50) between 
a selected pressure chamber of the plurality of 
pressure chambers and the respective first and 
second inlet/outlet ports, each valving arrange- 
ment being operative to selectively control the 
displacement and the flow direction in each 
pressure chamber relative to both of the first 
and second inlet/outlet ports. 

10. The method of claim 9 wherein the step of providing 
a plurality of pistons slideably disposed in the plu- 
rality of piston bores includes the step of moving the 
respective pistons a predetermined distance within 
the associated bore of the plurality of bores and the 
step of providing a valving arrangement includes 
the step of controlling the direction of flow into and 
out of the pressure chamber for only a portion of the 
predetermined distance. 
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